ABSTRACT
SAŽETAK

Efekti ronjenja na proizvodnju slobodnih radikala i oksidacioni stres su u odnosu na druge rekreativne sportive malo poznati. Ova studija je imala za cilj da ispita uticajrazličitih tipova fi zičke aktivnosti na redoks status ronilaca putem merenja vrednosti pro-i anti-oksidacionih parametara neposredno pre i posle različitih vrsti napora. Studi
ROS -reactive oxygen species; SOD -superoxide dismutase; TBARS -thiobarbituric acid reactive substances mum of five to a maximum of 20 years of diving experience. During their diving service, participants were subjected to regular annual medical check-ups by a specialist. During this study, divers had no signs of any acute or chronic disease. They had valid medical documentation that proved they were able to perform the duties of professional divers. Four weeks prior to blood sampling, the divers were instructed to refrain from any vitamin or antioxidant dietary supplementation. None of the participants reported any eating disorders, had any ongoing or previous injuries (during the last six months), and were not on any medications known to affect oxidative stress. To exclude the influence of different dietary intakes on nitrite levels, all participants were on the same dietary protocol for three days before the study and during the study. This protocol consisted of a prescribed menu for police divers.
All subjects were non-smokers and had normal values of arterial blood pressure, normal echocardiogram, ECG, EEG, and spirometry results, and normal values of fat and sugar in the blood. All divers received an explanation of the study's purposes, risks and benefits and were familiarized with the study's protocol. All subjects gave written consent. The study was approved by the Ethical Committee of the Faculty of Medical Sciences, University of Kragujevac.
Design of the study
The study was divided into three experimental protocols: 1) For the first testing protocol, the parameters of oxidative stress and the antioxidant protection components were determined immediately before and after theload test of the divers at atmospheric pressure. Before the load test, an ECG was performed on each diver. The workload test entailed progressively increasing the workload during a continuous test on a training bike (8) . Maximal oxygen uptake (VO 2 max) was measured by a direct method with the help of the Fi® Pro apparatus (Cosmed, Italy) (9). Heart rate was measured using a heart rate monitor belt (HR Polar S810, Finland). Assessment of body composition was performed using the bioimpedance method with the machine In Body 720 (Biospace, Korea).
2) Diving protocol 1: Testing was performed at the seaside during a dive training of professional police divers held in May. All divers were dressed in neoprene drysuits and were equipped with open-circuit scuba diving apparatus. The primary cylinders were 18-litre bottles filled with compressed air with an average pressure of 205 bars. The morning medical examination was conducted before the dive and included auscultatory findings from the lungs and measurements of blood pressure and pulse. After arriving at the location, each diving pair made a dive to the specified depth. Each set of divers launched every five minutes. The specified depth was 30 meters and was controlled with either a Suunto or Mares dive computer. The specified duration of the
INTRODUCTION
An imbalance between free radical production and antioxidant defence in the human body leads to an oxidative stress state. The negative effects of oxidative stress are associated with the pathophysiology of many diseases and aging. These effects are the consequence of a reduction in resistance to oxidative stress with aging and the accumulation of free radicals. Although it is well known that physical exercise can increase oxidative stress and cause disruption of redox homeostasis (1-4), many studies have shown a beneficial role of the reactive oxygen species (ROS) produced during exercise, which leads to important training adaptations, including an increase in resistance to oxidative stress, angiogenesis, mitochondria biogenesis, and muscle hypertrophy (1) .
It is well established that exercise can have both positive and negative effects on oxidative status depending on the exercise load, exercise specificity and the basal physical condition level. However, the effect of scuba diving on ROS production and oxidative stress resistance compared to other recreational activities is still unknown. Furthermore, it remains unclear in which circumstances the practice of scuba diving can be helpful or harmful (5) .
Due to the weight of the diving equipment and increased resistance to movement, scuba diving is a demanding physical activity. Furthermore, divers are exposed to changes in environmental conditions that are not usually present in other types of physical activity. In addition to underwater pressure and cold temperatures, these changes include breathing oxygen at an elevated pressure and increased resistance to breathing (6) . Intensified physical activity and coldness can lead to the increased production of free radicals. Additionally, hyperoxia as a result of hyperbaric exposure during diving and breathing oxygen at a high pressure could induce oxidative stress (7) .
The current data on the influences of scuba diving on oxidative status are controversial; while some studies describe positive effects, other studies suggest undesirable consequences of scuba diving on human health. The main reason for such ambiguous results is that the studies were conducted under different conditions, including differences in the selection of evaluated biomarkers of oxidative status and the time and method of determination (5) .
On the basis of the information stated previously, the aim of this study was to assess the influence of diffеrent types of physical activity on the redox status of scuba divers.
MATERIALS AND METHODS
Study population
This study included 10 professional police divers who were participating in the training process, which included dive training at the sea and at a river. All examinees were male, 32 ± 5.1 years of age, well-trained, and with a mini-citrate anticoagulant. Blood samples were processed and stored immediately. The blood was centrifuged to separate the plasma and red blood cells (RBCs). Biochemical parameters were measured spectrophotometrically.
Index of lipid peroxidation (thiobarbituric acid reactive substances, TBARS) determination
The degree of lipid peroxidation in plasma was estimated by measuring TBARS using 1 % TBA (thiobarbituric acid) in 0.05 NaOH that was incubated with plasma at 100°C for 15 min and read at 530 nm. Distilled water was used as a blank probe. TBA extract was obtained by combining 0.8 ml plasma and 0.4 ml TCA (trichloroacetic acid). Samples were put on ice for 10 min and centrifuged for 15 min at 6000 rpm. This method was described previously (10).
Nitrites (NO 2 -) determination
NO decomposes rapidly to form stable metabolite nitrite/nitrate products. NO 2 -was determined as an index of nitric oxide production using the Griess reagent (11). 0.1 ml 3N PCA (perchloride acid), 0.4 ml 20 mM EDTA (ethylenediaminetetraacetic acid) and 0.2 ml plasma were put on ice for 15 min and then centrifuged for 15 min at 6000 rpm. After pouring off the supernatant, 220 μl K 2 CO 3 was added. NO 2 -was measured at 550 nm. Distilled water was used as a blank probe.
Superoxide anion radical (O 2 -) determination
The level of O 2 -was measured using an NBT (nitro blue tetrazolium) reaction in TRIS-buffer combined with plasma samples and read at 530 nm (12) .
Hydrogen peroxide (H 2 O 2 ) determination
The protocol for the measurement of H 2 O 2 is based on the oxidation of phenol red in the presence of horseradish peroxidase (13) . Two hundred microlitres of plasma with 800 μl PRS (Phenol Red Solution) and 10 μl POD (Horseradish Peroxidase) were combined (1:20). The level of H 2 O 2 was measured at 610 nm.
Determination of the activities of antioxidant enzymes
Isolated RBCs were washed three times with three volumes of ice-cold 0.9 mmol/l NaCl, and hemolysates containing approximately 50 g Hb/l (14) were used for the determination of CAT activity. CAT activity was determined according to the methods described by Beutler (15) . Lysates were diluted with distilled water (1:7 v/v) and treated with chloroform-ethanol (0.6:1 v/v) to remove haemoglobin (16) . Subsequently, 50 μl CAT buffer, 100 μl sample and 1 ml 10 mM H 2 O 2 were added to the samples. Detection was performed at 360 nm. Distilled water was dive was 30 minutes. During the dive, the divers were instructed to moderate their loads. The descent was at 10 meters/minute, and the ascent was 9 meters/minute, with a three-minute decompression/safety stop at a depth of 3 meters. All 10 divers completed the dive successfully without any sign of decompression sickness. The average air consumption was 56 litres (L) per minute. Air temperature during the examination was 23°C, and sea temperature was 15°C to 19°C.
3) Diving protocol 2: Testing was performed in river currents during a dive training of professional police divers held in May and in November. All divers were dressed in neoprene drysuits and were equipped with opencircuit scuba diving apparatus. The primary cylinders were 18-litre bottles filled with compressed air with an average pressure of 195 bars. The morning medical examination was conducted before the dive and included auscultatory findings from the lungs and measurements of blood pressure and pulse. After arriving at the location, each diver made a dive to the specified depth. The specified depth was 10 meters and was controlled with either a Suunto or Galileo Sol dive computer, which measured the amount of air inhaled and the pulse of the divers. The specified duration of the dive was 30 minutes. During the boat ride to the location of the river current, divers simulated a search of the terrain using the pendulum method. The scuba diver with a life rope tied to the dive boat was a reserve diver. The descent was at 10 meters/minute, and the ascent was 9 meters/ minute. All 10 divers completed the dive successfully. The average air consumption was 22 litres (L) per minute. Air temperature during the examination was 23°C, and the river temperature was 12°C to 18°C.
Sample collection protocol
Immediately before and after the load test at atmospheric pressure and immediately before and after the dive, blood samples were taken from the divers to determine levels of the following pro-oxidant markers: superoxide anion radical (O 2 -), (H 2 O 2 ), nitrites (NO 2 -) and the index of lipid peroxidation (TBARS), as well as the activity of antioxidant enzymes (SOD and CAT). Four weeks prior to blood sampling, the divers were instructed to refrain from any vitamin or antioxidant dietary supplementation. None of the participants reported any eating disorders, had any ongoing or previous injuries (during the last six months), and were not on any medications known to affect oxidative stress. To exclude the influence of different dietary intakes on nitrite levels, all participants were on the same dietary protocol for three days before the study and during the study.
Biochemical assays
Blood samples were drawn from the antecubital vein of each diver into Vacutainer test tubes containing sodium parameter was decreased after physical effort in the river dive protocol group (p<0.05), increased in the sea dive group (p<0.05), and remained unchanged in the exercise test protocol group (p>0.05).
The effects of different types of physical activity on H 2 O 2 concentration
The values of H 2 O 2 were significantly higher in the sea dive group compared to the river dive and exercise test groups, both before and after physical activity (p<0.01). When comparing H 2 O 2 values within each protocol (group), this marker was increased after physical loading in the sea dive protocol group (p<0.05), but no significant change in H 2 O 2 was observed in the river dive and exercise test protocol groups (p>0.05).
The effects of different types of physical activity on CAT values
The CAT values were significantly higher in the exercise test protocol group compared to the sea dive (p<0.05) and river dive protocol groups, (p<0.01) both before and after physical activity. Values of this enzyme were unchanged before and after physical loading in all of the protocol groups (p>0.05).
The effects of different types of physical activity on SOD values
In contrast to the previous results, SOD values after physical activity were significantly higher in the river and exercise test protocol groups compared to the sea dive group (p<0.01). Furthermore, significant differences were not observed between the exercise test and river dive protocol groups (p>0.05). Values of this enzyme remained unchanged before and after physical effort in all of the protocol groups (p>0.05).
DISCUSSION
It is well established that exercise can have both positive and negative effects on oxidative status depending on exercise load, exercise specificity and the basal physical condition level. However, compared to other sport activities, data referring to the effect of scuba diving on redox status are insufficient. Furthermore, it remains unclear in which circumstances scuba diving can be helpful or harmful (5). Therefore, the aim of the present investigation was to assess the influence of different types of physical activity on the redox status of scuba divers.
In our study, the first protocol required the divers to participate in a stress test on a training bike at atmospheric pressure. In the second protocol, the divers performed diving under the sea at 30 meters for 30 minutes. Because of the weight of the diving equipment and an increased resistance to movement, the dive was considered to be a very demanding physical activity. In the third protocol, the divers participated in shallow diving (up to 10 meters) in used as a blank probe. SOD activity was determined by the epinephrine method of Misra and Fridovich (17) . A mixture of 100 μl lysate and 1 ml carbonate buffer was made, following which 100 μl of epinephrine was added. Detection was performed at 470 nm.
Statistical analysis
The statistical analysis was performed using SPSS 19.0 for Windows. The results are expressed as the means ± standard deviation of the means (SD). Data distribution was checked with the Shapiro-Wilk test and depending on its results, the appropriate parametric or non-parametric test was used. The differences between the values of the means from two related samples (before and after the dive) were assessed by Wilcoxon's test, while the difference between two unrelated samples (characteristics of the exercise protocol) was assessed by Student's t-test.
The alpha level for significance was set to p<0.05.
RESULTS
All subjects participating in the first protocol had normal ECG findings, while the average value of VO 2 max was 42.4 l/kg. The results of aerobic capacity were marked as excellent in 1 subject, very good in 5 subjects and good in 4 subjects. The average air consumption was 133.6 l/min.
The effects of different types of physical activity on TBARS concentration
No significant differences in the TBARS values before or after physical activity were observed among any of the three protocols (groups) (p>0.05). TBARS dynamics were also unchanged before and after physical loading within all of the protocol groups (p>0.05). 2 -concentration Before physical activity, NO 2 -values were significantly higher in the exercise test group compared to sea and river dive groups (p<0.01). After physical loading, values were the highest in the sea dive group and lowest in the river dive group (p<0.01). When comparing NO 2 -values within each protocol group, this marker was increased in the sea dive protocol group (p<0.01), and no significant change in NO 2 -was noted in the exercise test and river dive protocol groups (p>0.05).
The effects of different types of physical activity on NO
The effects of different types of physical activity on O 2
-concentration Before physical activity, O 2 -values were significantly higher in the river dive group compared to the sea dive and exercise test groups (p<0.01). After physical loading, values were the highest in the sea dive group and the lowest in the exercise test group (p<0.01). When comparing O 2 -values within each protocol (group), we observed that this river currents, in which a diver experiences a physical load in the form of the resistance of the river current.
While in the water current, a diver's body cools faster and thus increases power consumption, which reduces the working capacity of the divers. Reduced visibility decreases the diver's orientation and timely response. The power consumption in the diver during the activity is expected to increase most of the pro-oxidative parameters and reduce antioxidant protection.
It is important to emphasize that the research involving the second protocol was conducted between May and June during regular training at the sea, which occurred after the winter break in training dives. The first protocol was conducted during June and July after returning from the diving training at the sea. Finally, after returning from regular training at the sea, the research involving the third protocol was conducted, which consisted of diving in river currents, during the period from October to mid-November of the same year.
The comparison of the TBARS results before and after physical activity in all three protocols showed no statistically significant differences (Fig. 1) . The most likely explanation for this finding is that divers were individually well-trained and developed strong antioxidant systems that did not allow the occurrence of lipid degradation. the In contrast, highly significant differences were observed in the values of other pro-oxidant markers, namely, NO 2 -, O 2 -and H 2 O 2 . These results are most likely the consequence of external factors such as training frequency, dive frequency, diet, and the period during which the research was conducted. When comparing the results before and after physical activity in each protocol, we observed that NO 2 -release increased after the sea dive, remained unchanged in the river dive and decreased during the stress exercise test (Fig. 2) . These findings most likely resulted from the physical activity that was performed in the course of these protocols. Moreover, considering the research period for these protocols, the values of NO 2 -may be the result of adaptation of the organism due to the frequent number of dives made during regular training at the sea and during the diving training in inland waters.
The difference in O 2 -release both before and after physical activity in all three protocols was statistically significant. This finding may indicate that various types of exercise have different influences on the formation of O 2 -. The lowest values of O 2 -were found before the effort and at the end of the season of frequent dives, which indicates a possible adaptation to increased O 2 -release. However, these results should be considered with caution, considering the short half-life and high reactivity of O 2 - (18) . When comparing the values of this parameter for each protocol, an increase in the O 2 -production was observed during a sea dive to 30 meters for 30 minutes, but a reduction in its release was observed during a river dive (Fig. 3) . This finding is probably caused by the lower depth of the dive in the river compared to the sea dive. We have at-temptеd to comparе our results with data from the available literature, but unfortunately, we did not find any related studies published in this field.
The values of the results for the H 2 O 2 showed highly significant differences in all three protocols before and after exercise (Fig. 4) . Similar to previous cases, the above mentioned external factors were likely to have an impact Figure 1 . TBARS values before and after physical activity in all three protocols. P values less than 0.05 were considered to be signifi cant (*p<0.05; **p<0.01). -values before and after physical activity in all three protocols. P values less than 0.05 were considered to be signifi cant (*p<0.05; **p<0.01). -values before and after physical activity in all three protocols. P values less than 0.05 were considered to be signifi cant (*p<0.05; **p<0.01).
Moreover, it may be expected that during a dive, the functioning of the antioxidative enzymatic system should change. Thus, we investigated the activity of two major antioxidative enzymes, CAT (19) .
The results for CAT showed highly significant differences in all three protocols before and after exercise, suggesting that external factors are likely to have an impact on the results.
Comparing the results before physical activity in all three protocols, no significant differences in the values of SOD were observed. However, by contrast, when we compared the results after the physical stress loads were applied in all three protocols, highly significant differences in the activity of this enzyme were observed.
If we observe the time period when the research was conducted and the values of SOD, higher values were measured during the first protocol (training at the sea from May to June) and the third protocol (training at the sea in September and October). The increased SOD values in the divers during these training periods seem to be related to a long period of exposure to increased physical effort. The increased SOD values most likely increased the ability of the diver's body to endure the oxidative stress, which in this case could have been caused by different types of physical activities such as sea diving to 30 feet for 30 minutes, diving in the river current and participating in a stress test at atmospheric pressure.
CONCLUSION
Considering that our study involved professional divers who all had several years of diving experience, it can be assumed that due to frequent dives, a variety of diving training methods and well-trained endurance to physical stress, a well-adapted antioxidant protection system already existed in the divers. We can conclude that diving in the sea caused the greatest oxidative damage, which is followed by the weakest antioxidant response. Analysing the results of markers of oxidative stress and antioxidant protection, it can be concluded that values of pro-and anti-oxidants depend on the season of the year in which the research is conducted or on the dive frequency and degree of physical exertion during this period of time. on these results. The H 2 O 2 release increased during the sea dive, while they remained unchanged over the course of a dive in the river current and during the stress test. This result could be a consequence of the greater depth of the sea dive and easier adaptation to physical effort in the river stream and during the stress test. . CAT values before and after physical activity in all three protocols. P values less than 0.05 were considered to be signifi cant (*p<0.05; **p<0.01). ** ** * ** ** Figure 6 . SOD values before and after physical activity in all three protocols P values less than 0.05 were considered to be signifi cant (*p<0.05; **p<0.01).
** ** *
